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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an interdigital 
capacitor that can precisely adjust its capacity at a high 
frequency band of more than several tens of GHz, as 
well as a method for adjusting its capacity. 
SOLUTION: The capacitor includes a pair of comb- 
shaped electrodes (301 and 302) connected to signal 
lines plus at least one comb-shaped electrode (301 or 
302) that is disconnected from the pair of comb-shaped 
electrodes and is not electrically connected to the signal 
lines. The capacity of the interdigital capacitor is 
adjusted by disconnecting the comb-shaped electrodes. 
The parts to be disconnected are provided as parts for 
disconnection, i.e., as parts different from the other 
comb-shaped electrodes. 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an interdigital capacitor that can 
precisely adjust its capacity at a high frequency band of more than several tens 
of GHz, as well as a method for adjusting its capacity. 

SOLUTION: The capacitor includes a pair of comb-shaped electrodes (301 and 
302) connected to signal lines plus at least one comb-shaped electrode (301 or 
302) that is disconnected from the pair of comb-shaped electrodes and is not 
electrically connected to the signal lines. The capacity of the interdigital capacitor 
is adjusted by disconnecting the comb-shaped electrodes. The parts to be 
disconnected are provided as parts for disconnection, i.e., as parts different from 
the other comb-shaped electrodes. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the INTADIJITARU capacitor characterized by having a semi- 
conductor substrate and the tandem type electrode of the couple formed on this, 
and at least one side of the tandem type electrode of this couple having the 
section for cutting. 

[Claim 2] It is the INTADIJITARU capacitor according to claim 1 which the 
tandem type electrode of said couple has the bus line which connects this with 
an electrode finger, and is characterized by preparing said section for cutting in 
one [ at least ] bus line of the tandem type electrode of said couple. 
[Claim 3] It is the INTADIJITARU capacitor according to claim 1 characterized by 
being smaller than the part of everything [ the tandem type electrode of said 
couple has the bus line which connects this with an electrode finger, and said 



section for cutting is prepared in one / at least / bus line of the tandem type 
electrode of said couple, and / width of face / of said section for cutting ] but said 
bus line. 

[Claim 4] It is the INTADIJITARU capacitor according to claim 1 characterized by 
being smaller than the part of everything [ the tandem type electrode of said 
couple has the bus line which connects this with an electrode finger, and said 
section for cutting is prepared in one / at least / bus line of the tandem type 
electrode of said couple, and / thickness / of said section for cutting ] but said bus 
line. 

[Claim 5] The direction where an electrode finger is prolonged is an 
INTADIJITARU capacitor according to claim 1 which the tandem type electrode 
of said couple has the bus line which connects this with an electrode finger, and 
said section for cutting is prepared in one [ at least ] bus line of the tandem type 
electrode of said couple, and is characterized by forming said section for cutting 
towards reverse. 

[Claim 6] It is the INTADIJITARU capacitor according to claim 1 which the 
tandem type electrode of said couple has the bus line which connects this with 
an electrode finger, and said section for cutting is prepared in one [ at least ] bus 
line of the tandem type electrode of said couple, and is characterized by said 
section for cutting being in the location estranged from said semi-conductor 
substrate. 

[Claim 7] The thickness of said section for cutting is an INTADIJITARU capacitor . 
according to claim 6 characterized by being thinner than said bus line. 
[Claim 8] Said section for cutting and said bus line are an INTADIJITARU 
capacitor according to claim 6 characterized by connecting electrically through 
the beer which the insulator layer prepared between said sections for cutting and 
said bus lines, and was prepared in ** and this insulator layer. 
[Claim 9] At least one side of the tandem type electrode of said couple is the 
INTADIJITARU capacitor of eight given in any 1 term from claim 1 characterized 
by being cut in said section for cutting. 



[Claim 10] Said section for cutting is an INTADIJITARU capacitor according to 
claim 1 characterized by being the part which connects one electrode finger of 
the tandem type electrode of said couple for every plurality, and connects with a 
signal line. 

[Claim 1 1] At least one side of the tandem type electrode of said couple is the 
INTADIJITARU capacitor of eight given in any 1 term from claim 1 which is cut in 
said section for cutting and characterized by covering said section for cutting by 
the insulating protective coat. 

[Claim 12] Claim 1 characterized by preparing the section for cutting which can 
be cut also in another side of the tandem type electrode of said couple thru/or the 
INTADIJITARU capacitor of 1 1 given in any 1 term. 
[Claim 13] It is the INTADIJITARU capacitor which it has a semi-conductor 
substrate and the tandem type electrode of the couple formed on this, and each 
of this tandem type electrode has the 1st and 2nd electrode sections, and is 
characterized by at least one of the width of face, die length, and spacing of an 
electrode finger being different, as for these 1st and 2nd electrode sections. 
[Claim 14] Said the 1st width of face and spacing of an electrode finger of an 
electrode section are an INTADIJITARU capacitor according to claim 13 
characterized by being larger than said the 2nd width of face and spacing of an 
electrode section. 

[Claim 15] The die length of the electrode finger of said 1st electrode section is 
an INTADIJITARU capacitor according to claim 13 characterized by being shorter 
than the die length of said 2nd electrode section. 

[Claim 16] The INTADIJITARU capacitor of 15 given in any 1 term from claim 12 
characterized by connecting the signal line to said 2nd electrode section. 
[Claim 17] The tandem type electrode of said couple is the INTADIJITARU 
capacitor of 15 given in any 1 term from claim 12 characterized by including the 
cut part. 

[Claim 18] Said INTADIJITARU capacitor is claim 1 characterized by being the 
components which constitute the electronic circuitry currently formed on said 



semi-conductor substrate thru/or an INTADIJITARU capacitor of 17 given in any 
1 term. 

[Claim 19] The INTADIJITARU capacitor characterized by the thing which it is cut 
from the tandem type electrode of a couple connected to the signal line, and the 
tandem type electrode of this couple, and is not electrically connected to said 
signal line, and which go away at least one and contains a form electrode. 
[Claim 20] It is the INTADIJITARU capacitor according to claim 19 which goes 
away at least one and is characterized by locating the form electrode in said 
direction in which the electrode finger of the tandem type electrode of said couple 
is located in a line. 

[Claim 21] The semiconductor device characterized by including the 
INTADIJITARU capacitor of 19 given in any 1 term, and the circuit element 
formed in said semi-conductor substrate from claim 1. 

[Claim 22] The communication device characterized by providing the circuit using 
the INTADIJITARU capacitor of 19 given in any 1 term, and the circuit which 
processes a sending signal or an input signal using the output signal of this 
circuit from claim 1 . 

[Claim 23] The capacity adjustment approach characterized by to have the 1st 
process which forms an aperture in said insulator layer, and the 2nd process 
which cuts the bus line of the tandem type electrode of said couple exposed 
through this aperture in the capacity adjustment approach of the INTADIJITARU 
capacitor equipped with the insulator layer formed on said semi-conductor 
substrate containing the tandem type electrode of the couple formed on the semi- 
conductor substrate, and the tandem type electrode of this couple. 
[Claim 24] In the capacity adjustment approach of the INTADIJITARU capacitor 
equipped with the insulator layer formed on said semi-conductor substrate 
containing the tandem type electrode of the couple formed on the semi-conductor 
substrate, and the tandem type electrode of this couple The capacity adjustment 
approach characterized by having the 2nd process which disconnects the 1st 
process which irradiates the laser beam of the 1st wavelength and forms an 



aperture in said insulator layer, and the tandem type electrode of said couple 
exposed through this aperture using the laser beam of the 2nd different 
wavelength from said 1st wavelength. 

[Claim 25] Said capacity adjustment approach is the capacity adjustment 
approach according to claim 23 or 24 characterized by including the 3rd process 
which applies a protective coat further so that said aperture may be covered. 
[Claim 26] The capacity adjustment approach according to claim 23 or 24 
characterized by repeating said 1st and 2nd processes until a desired property is 
acquired. 

[Claim 27] The capacity adjustment approach according to claim 23 or 24 
characterized by repeating said 1st and 2nd processes, starting said 1st and 2nd 
processes from near the location most distant from the signal line linked to the 
tandem type electrode of said couple, and moving a cutting location in the 
direction which approaches said signal line gradually until a desired property is 
acquired. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] If this invention is specified more about devices, such as 
an oscillator possessing a capacitor, it relates to the INTADIJITARU capacitor 
used in a high frequency circuit. 
[0002] 

[Description of the Prior Art] The MIM (Metal Insulator Metal) capacitor, the 
INTADIJITARU capacitor, etc. are widely used for the capacitor used in the RF 
circuit which generally treats a high frequency which exceeds 1GHz. These 
capacitors are incorporated in MMIC (Monolithic Microwave Integrated Circuit). 
MIM consists of one pair of electrodes formed on the half-insulation GaAs 
substrate, and a dielectric prepared in inter-electrode. An INTADIJITARU 
capacitor consists of INTADIJITARU electrode patterns formed on the half- 
insulation GaAs substrate etc. 

[0003] Generally, it is necessary to make capacity of a capacitor so small that a 
frequency become high. For example, the capacity value which is needed in a 
40GHz band becomes a small thing called 30fF(s). The capacitor of such small 
capacity value becomes small inevitably. For example, in order for the capacity 
per unit area to realize capacity value of 30fF(s) by the MIM capacity of 0.4 fF/mu 
m2, one side of a square electrode is very as small as 8.7 micrometers. If this 
dimension is not formed with a sufficient precision, capacity value will shift from 
30fF(s). The error of this capacity value has various effects on circuit actuation. 
For example, when an MIM capacitor is used as a component part of an 
oscillator, the error of capacity value turns into an error of an oscillation 
frequency. However, it is difficult for one side of an MIM capacitor to form an 
electrode pattern 1 0 micrometers or less with a sufficient precision with a current 
technique.. If it puts in another way, the variation in capacity value is large. 
[0004] On the other hand, the INTADIJITARU capacitor fits the activity in the 
millimeter wave band exceeding 30GHz, and can form a small capacity called 
dozens fF(s) with a comparatively sufficient precision, the INTADIJITARU 



capacitor was formed on semi-conductor substrates, such as silicon and the half- 
insulation GaAs, two go away and it has a form electrode. The electrode finger 
of each tandem type electrode is arranged by turns. 
[0005] The technique of adjusting the capacity of such an INTADIJITARU 
capacitor is indicated by J P, 6-232672, A. This capacity adjustment approach is 
explained with reference to drawing 1 . In drawing 1 , on [ two ] substrates, such 
as silicon and the half-insulation GaAs, it goes away and the form electrodes 10 
and 12 are formed. Moreover, electrode **** 14 and 16 for capacity adjustment is 
formed in the propagation direction of a surface acoustic wave. Adjustment of 
capacity is possible by connecting electrode **** 14 for capacity adjustment to 
the tandem type electrodes 10 and 12 by wirebonding 18 and 20. 
[0006] Moreover, trimming a tandem type electrode to JP,8-130433,A, and 
adjusting a frequency to it is indicated. The frequency regulation approach by this 
trimming is explained with reference to drawing 2 . An oxide film is formed on the 
tandem type electrode 24 among the tandem type electrodes 22 and 24. 
Formation of an oxide film uses an anode oxidation method etc. In adjusting 
capacity, it trims the tandem type electrode 22 with which the oxide film is not 
formed. In the case of trimming, the metal of the tandem type electrode 22 flies in 
the air, and adheres on the tandem type electrode 24. However, since the 
tandem type electrode 24 is covered with the oxide film, it can prevent the short 
circuit between electrode fingers, and the short circuit between the tandem type 
electrode 22 and 24. 
[0007] 

[Problem(s) to be Solved by the Invention] However, no conventional techniques 
mentioned above can be used in a millimeter wave band 30GHz or more. 
[0008] An example of the capacity realized with the INTADIJITARU capacitor 
used for drawing 3 in a millimeter wave band is shown. For realizing capacity of 
O.OOSpF. About 60 micrometers and the electrode finger length L2 are made to 
50 micrometers, and 2 micrometers and the electrode finger total N are made 
[ the tandem type electrode length LI / an electrode digit W ] into 16 for 2 



micrometers and the gap G between electrode fingers. In order to adjust a small 
capacity of such 0.05pF, capacity must be able to be adjusted for example, at 
O.OOSpF step. 

[0009] However, although the technique of the disclosure to above-mentioned 
JP,6-232672,A is suitable for the mass capacitor of 1pF used on the 
comparatively low frequency of 5GHz or less, it is impossible for adjusting a 
small capacity of O.OSpF used in a millimeter wave band 30GHz or more with 
high degree of accuracy (for example, O.OOSpF step). It is because the bonding 
pad for connecting wirebonding 18 and 20 needs 50 micrometers of area of 2 
also at the lowest and the capacity of about 0.2pF is parasitic on the part. 
[0010] Moreover, a technique given in above-mentioned JP,8-130433,A has a 
trouble resulting from formation of an oxide film. If a component is around an 
INTADIJITARU capacitor, in case an oxide film will be formed with anodic 
oxidation method etc., a component will receive a damage. It is inapplicable to 
applications, such as MMIC (Monolithic Microwave Integratedcircuit) which needs 
to approach and needs to arrange components, such as an INTADIJITARU 
capacitor and FET, especially. After all, a technique given in the above- 
mentioned official report can be carried out with an INTADIJITARU capacitor 
simple substance. Moreover, the trouble that capacity will be parasitic is also in 
the pad formed in order to enforce an anode oxidation method. 
[0011] Therefore, this invention solves the trouble of the above-mentioned 
conventional technique, and it aims at offering the INTADIJITARU capacitor 
which can adjust capacity with a sufficient precision in a high frequency band 
dozens of GHz or more, and its capacity adjustment approach. 
[0012] 

[Means for Solving the Problem] This invention is an INTADIJITARU capacitor 
characterized by having the tandem type electrode of the couple formed on this 
with the semi-conductor substrate like according to claim 1 , and at least one side 
of the tandem type electrode of this couple having the section for cutting which 
can be cut. By having prepared the section for cutting which can be cut, in 



adjusting capacity, it cuts this section for cutting. Thereby, a tandem type 
electrode is divided into plurality. Therefore, capacity adjustment is possible, 
without using wirebonding and an oxide film, and capacity can be adjusted with a 
sufficient precision in a high frequency band dozens of GHz or more. 
[0013] In an INTADIJITARU capacitor according to claim 1 , like, the tandem type 
electrode of said couple has the bus line according to claim 2 which connects this 
with an electrode finger, and said section for cutting is characterized by being 
prepared in one [ at least ] bus line of the tandem type electrode of said couple. 
By preparing the section for cutting in a bus line, a tandem type electrode can be 
divided easily. 

[0014] The tandem type electrode of said couple has the bus line according to 
claim 3 which connects this with an electrode finger, said section for cutting is 
prepared in one [ at least ] bus line of the tandem type electrode of said couple, 
and the width of face of said section for cutting is [ in / an INTADIJITARU 
capacitor according to claim 1 / like ] smaller [ the section ] than other parts of 
said bus line. Thereby, while being able to divide a tandem type electrode easily 
using laser trimming etc., the amount of the electrode material which flies at the 
time of cutting can be controlled, and effect which it has on a perimeter can be 
lessened. 

[0015] The tandem type electrode of said couple has the bus line according to 
claim 4 which connects this with an electrode finger, said section for cutting is 
prepared in one [ at least ] bus line of the tandem type electrode of said couple, 
and the thickness of said section for cutting is [ in / an INTADIJITARU capacitor 
according to claim 1 / like ] smaller [ the section ] than other parts of said bus line. 
Thereby, while being able to divide a tandem type electrode easily using laser 
trimming etc., the amount of the electrode material which flies at the time of 
cutting can be controlled, and effect which it has on a perimeter can be lessened. 
[0016] In the INTADIJITARU capacitor according to claim 1, like, the tandem type 
electrode of said couple has the bus line according to claim 5 which connects this 
with an electrode finger, said section for cutting is prepared in one [ at least ] bus 



line of the. tandem type electrode of said couple, and the direction where an 
electrode finger is prolonged is formed towards reverse for said section for 
cutting. By this, the section for cutting and an electrode finger can be made to be 
able to estrange with sufficient distance, the amount of the electrode material 
which flies at the time of cutting can .be controlled, and effect which it has on an 
electrode finger can be lessened. 

[0017] In an INTADIJITARU capacitor according to claim 1, like, the tandem type 
electrode of said couple has the bus line according to claim 6 which connects this 
with an electrode finger, said section for cutting is prepared in one [ at least ] bus 
line of the tandem type electrode of said couple, and said section for cutting is in 
the location estranged from said semi-conductor substrate. By this, the section 
for cutting and an electrode finger can be made to be able to estrange with 
sufficient distance, the amount of the electrode material which flies at the time of 
cutting can be controlled, and effect which it has on an electrode finger can be 
lessened. 

[0018] The thickness of said section for cutting is [ in / an INTADIJITARU 
capacitor according to claim 6 ] thinner than said bus line like a publication to 
claim 7. Thereby, while being able to divide a tandem type electrode easily using 
laser trimming etc., the amount of the electrode material which flies at the time of 
cutting can be controlled, and effect which it has on a perimeter can be lessened. 
[0019] In the INTADIJITARU capacitor according to claim 6, said section for 
cutting and said bus line are electrically connected through the beer according to 
claim 8 which the insulator layer prepared between said sections for cutting and 
said bus lines, and was prepared in and this insulator layer like. It is an 
example which forms the electrical installation of a tandem type electrode and 
the section for cutting. 

* 

[0020] the INTADIJITARU capacitor of eight given in any 1 term from claim 1 
setting - for example, - being according to claim 9 - at least one side of the 
tandem type electrode of said couple is cut in said section for cutting like. The 
gestalt of the INTADIJITARU capacitor after adjusting capacity is specified. 



[0021] In an INTADIJITARU capacitor according to claim 1, said section for 
cutting is a part according to claim 10 which connects one electrode finger of the 
tandem type electrode of said couple for every plurality, and connects with a 
signal line like. It is another example of a configuration of the section for cutting. 
[0022] the INTADIJITARU capacitor of eight given in any 1 term from claim 1 - 
setting - for example, - being according to claim 1 1 - like, at least one side of 
the tandem type electrode of said couple is cut in said section for cutting, and 
said section for cutting is covered by the insulating protective coat. Thereby, the 
tandem type electrode of a cutting part can be protected. 
[0023] claim 1 thru/or the INTADIJITARU capacitor of 1 1 given in any 1 term - 
setting - for example, - being according to claim 12 - the section for cutting 
which can be cut is prepared also in another side of the tandem type electrode of 
said couple like. Compared with only one side going away and a form electrode 
adjusting capacity, capacity can be adjusted in the large range. 
[0024] This invention has the tandem type electrode of the couple formed on this 
with the semi-conductor substrate like according to claim 13 again, each of this 
tandem type electrode has the 1st and 2nd electrode sections, and these 1st and 
2nd electrode sections are INTADIJITARU capacitors characterized by at least 
one of the width of face, die length, and spacing of an electrode finger being 
different. It differs from the degree of the capacity change by disconnecting the 
1st electrode section, and the degree of the capacity change by disconnecting 
the 2nd electrode section. Therefore, the capacity adjustment step from which 
plurality differs can be formed. 

[0025] Said the 1st width of face and spacing of an electrode finger of an 
electrode section are [ in / an INTADIJITARU capacitor according to claim 13 ] 
larger than said the 2nd width of face and spacing of an electrode section like a 
publication to claim 14. Or the die length of the electrode finger of said 1st 
electrode section is shorter than the die length of said 2nd electrode section like 
the publication to claim 15. 

[0026] In the INTADIJITARU capacitor of 15 given in any 1 term, the signal line is 



connected to said 2nd electrode section like a publication at claim 16 from claim 
12. 

[0027] In the INTADIJITARU capacitor of 15 given in any 1 term, the tandem type 
electrode of said couple contains the cut part according to claim 17 like from 
claim 12. It goes away after capacity adjustment and the gestalt of a form 
electrode is specified. 

[0028] In claim 1 thru/or the INTADIJITARU capacitor of 17 given in any 1 term, 
said INTADIJITARU capacitors are components which constitute the electronic 
circuitry according to claim 18 currently formed on said semi-conductor substrate 
like. 

[0029] It is the INTADIJITARU capacitor characterized by the thing for which this 
invention is cut from the tandem type electrode of a couple according to claim 19 
connected to the signal line like, and the tandem type electrode of this couple, 
and is not electrically connected to said signal line again, and which go away at 
least one and contains a form electrode. It is the claim which specifies the gestalt 
of the INTADIJITARU capacitor after capacity adjustment. That cut and carry out 
from the tandem type electrode connected to the signal line, and the form 
electrode exists shows the INTADIJITARU capacitor which carried out capacity 
adjustment of this invention. 

[0030] an INTADIJITARU capacitor according to claim 19 - setting - for example, 

being according to claim 20 » like, at least one goes away and the form 
electrode is located in said direction in which the electrode finger of the tandem 
type electrode of said couple is located in a line. It is shown clearly that it is a 
capacitor for capacity adjustment to have cut and carried out, and to arrange as 
[ whose a form electrode is the above ] an activity is not presented. 
[0031] This invention contains the semiconductor device characterized by 
including the INTADIJITARU capacitor of 19 given in any 1 term and the circuit 
element formed in said semi-conductor substrate according to claim 21 from 
claim 1 like again. 

[0032] This invention contains the communication device characterized by 



providing the circuit according to claim 22 using the INTADIJITARU capacitor of 
19 given in any 1 term, and the circuit which processes a sending signal or an 
input signal using the output signal of this circuit from claim 1 like again. 
[0033] Furthermore, this invention is set to the capacity adjustment approach of 
the INTADIJITARU capacitor equipped with the insulator layer formed on said 
semi-conductor substrate containing the tandem type electrode of the couple 
formed on the semi-conductor substrate like according to claim 23, and the 
tandem type electrode of this couple. It is the capacity adjustment approach 
characterized by having the 1st process which forms an aperture in said insulator 
layer, and the 2nd process which cuts the bus line of the tandem type electrode 
of said couple exposed through this aperture. It can write performing processing 
which forms an aperture in an insulating layer, and processing which cuts a bus 
line at a separate process, ****** and cutting can be performed on the 
respectively optimal conditions, and the effect which it has on a perimeter can be 
mitigated. 

[0034] In the capacity adjustment approach of an INTADIJITARU capacitor that 
this invention was equipped with the insulator layer formed on said semi- 
conductor substrate containing the tandem type electrode of the couple formed 
on the semi-conductor substrate like according to claim 24, and the tandem type 
electrode of this couple again It is the capacity adjustment approach 
characterized by having the 2nd process which disconnects the 1st process 
which irradiates the laser beam of the 1st wavelength and forms an aperture in 
said insulator layer, and the tandem type electrode of said couple exposed 
through this aperture using the laser beam of the 2nd wavelength from which 
said 1st wavelength differs. It can write performing processing which forms an 
aperture in an insulating layer, and processing which cuts a bus line at a 
separate process, ****** and cutting can be performed on the respectively optimal 
conditions, and the effect which it has on a perimeter can be mitigated. 
[0035] In the capacity adjustment approach according to claim 23 or 24, said 
capacity adjustment approach includes the 3rd process according to claim 25 



which applies a protective coat further so that said aperture may be covered like. 
[0036] In the capacity adjustment approach according to claim 23 or 24, said 1st 
and 2nd processes are repeated until a desired property is acquired by claim 26 
like a publication. 

[0037] In the capacity adjustment approach according to claim 23 or 24, said 1st 
and 2nd processes are started from near the location which is [ like ] most distant 
from the signal line according to claim 27 linked to the tandem type electrode of 
said couple, and moving a cutting location in the direction which approaches said 
signal line gradually, said 1st and 2nd processes are repeated until a desired 
property is acquired. 
[0038] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained with reference to an accompanying drawing. 
[0039] Drawing 4 is drawing showing the 1st operation gestalt of this invention, 
this drawing (A) is a top view of the INTADIJITARU capacitor in front of 
frequency regulation, and this drawing (B) is a top view of the INTADIJITARU 
capacitor after frequency regulation. 

[0040] The INTADIJITARU capacitor to illustrate has the tandem type electrodes 
30 and 33 of a couple. The tandem type electrode 30 is arranged with a bus line 
(it is also called a bus bar) 31 at regular intervals, and has the electrode finger 32 
prolonged in an one direction from now on. A bus line 31 connects the electrode 
finger 32. Similarly, the tandem type electrode 33 has the electrode finger 35 
which is arranged with a bus line 34 at regular intervals, and is prolonged in an 
one direction from a bus line 34. A bus line 34 connects the electrode finger 35. 
The electrode fingers 32 and 35 are arranged by turns. Signal lines 38 and 39 
are connected to bus lines 31 and 34, respectively. The tandem type electrodes 
30 and 33 are formed on semi-conductor substrates, such as silicon and GaAs of 
half-insulation. The space of drawing is equivalent to the electrode forming face 
of a semi-conductor substrate. An INTADIJITARU capacitor is a semiconductor 
device. Adjustment of capacity is performed by the thing which is the tandem 



type electrode 30 and for which it solves bus-line 31 and the bus line 34 of the 
form electrode 33 is cut in the cutting locations 36 and 37. Cutting is performed 
by irradiating laser etc. in the cutting locations 36 and 37. By this laser trimming 
processing, as shown in drawing 4 (B), the tandem type electrode 30 is divided 
Into 301 and 302, and the tandem type electrode 33 is divided into 331 and 332. 
By cutting, the capacity of an INTADIJITARU capacitor becomes small by that by 
which a part of electrode finger is removed from the tandem type electrodes 30 
and 33 (the electrode finger total N decreases). For example, cutting processing 
is performed at the time of the trial of the semiconductor device with which the 
INTADIJITARU capacitor is formed. The repeat tandem type electrodes 30 and 
33 are trimmed until required weighted solidity is acquired carrying out the 
monitor of the weighted solidity (for example, capacity value) of an 
INTADIJITARU capacitor, and the weighted solidity of the circuit containing this 
capacitor at the time of a trial. The weighted solidity of the circuit containing an 
INTADIJITARU capacitor is an oscillation frequency value, for example, when 
this capacitor is used as a component part of an oscillator. Moreover, when used 
as one component part of an amplifying circuit, the monitor of the output power is 
carried out. 

[0041] If it assumes that the INTADIJITARU capacitor of drawing 4 (A) has the 
parameter value of said drawing 3 now, capacity value will decrease from 0.05pF 
to 0.04pF by reducing three electrode fingers, as shown in drawing 4 (B). 
[0042] Thus, according to the 1st operation gestalt, the capacity value needed in 
a millimeter wave band can be adjusted in a high precision (for example, 
O.OOSpF). Since wirebonding is not used in order to adjust capacity, the problem 
of parasitic capacitance is not produced like before. Moreover, since an oxide 
film is not used, a damage is not given to a surrounding component in case an 
oxide film is formed like before. 

[0043] In addition, although both tandem type electrodes 30 and 33 were 
trimmed in the above-mentioned explanation, it is possible to trim either and to 
reduce an electrode total. Moreover, although the cutting locations 36 and 37 are 



located in the location which faces each other, you may cut in a location which is 
different with the tandem type electrodes 30 and 33. For example, the cutting 
location 36 can be moved downward to a slight degree on a drawing, and two 
electrode fingers can also be removed from the tandem type electrode 30. 
Moreover, since it is adjustment of the capacity by cutting, adjustment of capacity 
is only a direction which decrease in number. Therefore, it is desirable to prepare 
the INTADIJITARU capacitor which forms a beforehand bigger capacity than 
target capacity value. 

[0044] Moreover, it cuts and carries out, and it does not connect with signal lines 
38 and 39 electrically, and a form electrode section is not incorporated in a 
surrounding circuit. That is, it is cut from the tandem type electrodes 301 and 331 
of a couple connected to signal lines 38 and 39, and the tandem type electrode 
of a couple, and connects with signal lines 38 and 39 electrically, and the 
INTADIJITARU capacitor after capacity adjustment is twisted, goes away at least 
one, and contains the form electrodes 302 and 332. And it cuts and carries out 
and the form electrodes 302 and 332 are located in the direction in which the 
electrode finger of the tandem type electrode tandem type electrodes 301 and 
331 is arranged by turns. 

[0045] (The 2nd operation gestalt) Drawing 5 is the top view of the 
INTADIJITARU capacitor by the 2nd operation gestalt of this invention. It is 
characterized by forming on a semi-conductor substrate, carrying out, making 
thinner than other parts the parts 42 and 43 on the bus line of the form electrodes 
40 and 41 which can be cut, and enabling cutting of them with weak laser energy. 
Other parts are different gestalten and the bus-line parts 42 and 43 with this thin 
width of face define this as the section for cutting. Moreover, the amount of the 
metal which flies at the time of cutting can be reduced by making it thin. Although 
the parts 42 and 43 to illustrate and which can be cut are formed in the location 
which faces each other, it is not limited to this. The parts 42 and 43 which can be 
cut may be formed only in either of the tandem type electrodes 40 and 41 . 
Moreover, two or more cutting parts may be established in each of the tandem 



type electrodes 40 and 41. Thereby, the variable-capacity range can be enlarged. 
[0046] (The 3rd operation gestalt) Drawing 6 is the top view of the 
INTADIJITARU capacitor by the 3rd operation gestalt of this invention. Please 
form on a semi-conductor substrate, it carries out, and the form electrodes 46 
and 47 have the horseshoe-shaped (the shape of an abbreviation C character) 
bus-line parts 48 and 49, respectively. It becomes the section for cutting which 
can cut these bus-line parts 48 and 49. The horseshoe-shaped bus-line parts 48 
and 49 are located towards reverse with the direction where an electrode finger 
is prolonged. The electrode finger is not formed in the horseshoe-shaped bus- 
line parts 48 and 49. This part is a part only for trimmings. The tandem type 
electrodes 46 and 47 are carried out 2 ****s, respectively by cutting the 
horseshoe-shaped bus-line parts 48 and 49 by laser. Since the cutting locations 
36 and 37 are located in the location distant from the electrode finger which 
forms capacity, an electrode finger cannot be easily influenced of [ at the time of 
cutting ]. 

[0047] Like the 2nd operation gestalt, the width of face of the horseshoe-shaped 
bus-line parts 48 and 49 may be formed narrowly. Moreover, said 2nd operation 
gestalt may be combined with the 3rd operation gestalt. In this case, the bus line 
of the tandem type electrodes 46 and 47 is equipped with a bus-line part with 
narrow width of face in addition to the horseshoe-shaped pass line part 48 and 
49, respectively. 

[0048] (The 4th operation gestalt) The top view of the INTADIJITARU capacitor 
according [ drawing 7 (A) ] to the 4th operation gestalt of this invention and 
drawing 7 (B) are the VIIB-VIIB line sectional views of this drawing (A). Please 
form on a semi-conductor substrate, it carries out, and the bus line 54 of the form 
electrode 52 is equipped with the cutting section 56. Similarly, please form on a 
semi-conductor substrate, it carries out, and the bus line 55 of the form electrode 
53 is equipped with the cutting section 57. The cutting section 56 and the cutting 
section 57 are the sections for cutting, and are the same configuration. Drawing 7 
(B) is the sectional view of the cutting section 56. The bus line 54 fonmed on the 



semi-conductor substrate 61 has broken off on the way. The insulator layer 62 is 
formed in the part which the edge of a bus line 54 counters. This insulator layer 
62 is a wrap about the whole surface of the semi-conductor substrate 61 again. 
Beer 59 and 60 is formed in the insulator layer 62. It fills up with the same 
ingredient as the tandem type electrodes 52 and 53 in the beer hall where beer 
59 and 60 was formed in the insulator layer 62. On the insulator layer 62, the 
upper wiring 58 which connects beer 59 and 60 is formed. The location 
estranged from the semi-conductor substrate 61 has the upper wiring 58. The 
upper wiring 58 has the same width of face as a bus line 54, or width of face 
narrower than a bus line 54. Moreover, although a configuration with the same 
thickness as a bus line 54 may be used for the upper wiring 58, you may be a 
configuration with different thickness. If the upper wiring 58 is formed thinly 
or/and thinly rather than a bus line 54, it will be easy to trim with laser. The bus 
line 54 has connected electrically the bus line 54 currently divided. Thus, the bus 
line 54 has multilayer-interconnection structure. The capacity of an 
INTADIJITARU capacitor can be adjusted by cutting the upper wiring 58 by laser 
etc. 

[0049] Thus, it can prevent the metal piece at the time of cutting flying to an 
electrode finger, and worsening a property and dependability by being able to 
punish the bus line of the part to cut in the layer above the layer which forms an 
electrode finger, and using it as it. Furthermore, the effectiveness of becoming 
easy to cut the upper wiring 58 while the above-mentioned effectiveness 
becomes much more remarkable by/and forming thinly thinly is also acquired. 
[0050] Although the cutting sections 56 and 57 are formed in the location which 
faces each other, it is not limited to this arrangement. Moreover, you may 
combine with the 2nd and/or 3rd operation gestalt if needed. 
[0051] (The 5th operation gestalt) Drawing 8 (A) is the top view of the 
INTADIJITARU capacitor by the 5th operation gestalt of this invention. Moreover, 
drawing 8 (B) is the top view of another INTADIJITARU capacitor by the 5th 
operation gestalt of this invention. The INTADIJITARU capacitor by the 5th 



operation gestalt has a semi-conductor substrate and tlie tandem type electrode 
of ihe couple formed on this, each of this tandem type electrode has the 1st and 
2nd electrode sections, and, as for these 1st and 2nd electrode sections, at least 
one of the width of face, die length, and spacing of an electrode finger is different. 
[0052] Please form the INTADIJITARU capacitor shown in drawing 8 (A) on a 
semi-conductor substrate, it is carried out, and has the form electrodes 64 and 65. 
The tandem type electrode 64 has the 1st electrode section 64a and 2nd 
electrode section 64b from which an electrode digit W and the gap G between 
electrode fingers differ. 1 st electrode section 64a has the electrode finger 66, and 
2nd electrode section 64b has the electrode finger 68. The electrode finger 66 
has width of face wider than the electrode finger 68, and its gap G between 
electrode fingers is larger than the electrode finger 68. 2nd electrode section 64b 
has comparatively dense width of face and spacing of an electrode finger to 1 st 
electrode section 64a being [ the width of face and spacing of an electrode 
finger ] a non-dense comparatively. Similarly, the tandem type electrode 65 has 
the 1st electrode section 65a and 2nd electrode section 65b from which an 
electrode digit W and the gap G between electrode fingers differ. 1st electrode 
section 65a has the electrode finger 67, and 2nd electrode section 65b has the 
electrode finger 69. The electrode finger 67 has width of face wider than the 
electrode finger 69, and its gap G between electrode fingers is larger than the 
electrode finger 69. 2nd electrode section 65b has comparatively dense width of 
face and spacing of an electrode finger to 1 st electrode section 65a being [ the 
width of face and spacing of an electrode finger ] a non-dense comparatively. 
[0053] Let a cutting location be the 1st electrode section 64a and 65a. As 
mentioned above, since the width of face and spacing of an electrode finger are 
a non-dense comparatively, the capacity of the 1 st electrode section 64a and 65a 
which this part forms is comparatively small. Therefore, change of the capacity 
obtained by cutting the location of the arbitration in the boundary parts 36 and 37 
of the 1st electrode section 64a and 65a and the 2nd electrode section 64b and 
65b or the 1st electrode section 64a, and 65a is small. That is, the adjustment 



step of capacity can be more finely set up by having formed the 1st electrode 
section 64a and 65a, and it becomes possible to tune capacity finely. 
[0054] The INTADIJITARU capacitor shown in drawing 8 (B) is also equipped 
with the part which can tune capacity finely. The INTADIJITARU capacitor shown 
in drawing 8 (B) has the tandem type electrodes 70 and 71 . The tandem type 
electrode 70 has 1st electrode section 70a and 2nd electrode section 70b. 1st 
electrode section 70a has the electrode finger 72, and 2nd electrode section 70b 
has the electrode finger 74. The die length of the electrode finger 72 is shorter 
than the electrode finger 74. Capacity will become small if the die length of an 
electrode finger becomes short. Therefore, change of the capacity obtained by 
cutting the location of the arbitration in the boundary parts 36 and 37 of the 1st 
electrode section 70a and 70b or the 1st electrode section 70a, and 70a is small. 
That is, the adjustment step of capacity can be more finely set up by having 
formed the 1st electrode section 70a and 70a, and it becomes possible to tune 
capacity finely. Moreover, two different capacity adjustment steps for cutting then 
are [ both 1st and 2nd electrode sections ] realizable. 
[0055] In addition, in drawing 8 (A) and (B), the same configuration as the 1st 
electrode section of the above may be added to the 1st electrode section, and 
may be prepared in the opposite hand of the 2nd electrode section of the above. 
Thereby, the capacitor range which can be adjusted can be set up greatly. 
Moreover, three or more different tandem type electrodes may be formed. 
[0056] (The 6th operation gestalt) Drawing 9 is the top view of the 
INTADIJITARU capacitor by the 6th operation gestalt of this invention. In addition, 
the same reference number is given to the same thing as the component shown 
in drawing 4 among drawing. This operation gestalt has the description in having 
defined the cutting sequence of an INTADIJITARU capacitor. Cutting sequence 
is separated sequentially from a point far from signal lines 38 and 39, goes, and 
acquires desired capacity value. In drawing 9 , cutting of a page is performed 
once in the cutting locations 361 and 371 , and a two-times eye is cut in the 
cutting locations 362 and 372. Thereby, desired capacity value can be acquired 



certainly. 

[0057] (The 7th operation gestalt) The top view of the INTADIJITARU capacitor 
according [ drawing 10 (A) ] to the 7th operation gestalt of this invention and its 
circumference circuit and drawing 10 (B) are the circuit diagrams showing an 
example of the application of the INTADIJITARU capacitor shown in drawing 10 

(A). 

[0058] First, the signal line 75 is connected to the drain terminal of a field effect 
transistor (FET) 77 in 10 (B). In order to tune output adjustment of FET77 finely, 
the shunt capacity 79 is connected to the signal line 75. The INTADIJITARU 
capacitor of this invention realizes this shunt capacity 79. As shown in drawing 
10 (A), two INTADIJITARU capacitors (the same reference number 79 is given 
hereafter) which form the shunt capacity 79 go away, it has a form electrode, one 
side is connected to a gland 76, and two another side is connected at a time to 
the signal line 75. The amount of [ which connect two electrode fingers and are 
connected to a signal line 75 / 74a, 74b, and 74c ] connection is the location 
which can be cut, i.e., the section for cutting. Drawing 10 (A) shows being cut in 
two connections 74a and 74b. Thus, when it goes away one side and the 
electrode finger of a form electrode is connected to the gland 76 in common, 
capacity can be adjusted by cutting only a part for a connection with the signal 
line 75 of the tandem type electrode of another side. 
[0059] (The 8th operation gestalt) Drawing 1 1 is drawing showing the 8th 
operation gestalt of this invention, and is an example of the capacity adjustment 
approach. The top view of the INTADIJITARU capacitor according [ drawing 1 1 
(A) ] to the 8th operation gestalt and this drawing (B) are sectional views. The 
tandem type electrode 81 of a couple is formed on the semi-conductor substrates 
8Q, such as silicon and the half-insulation GaAs. The insulator layer 82 on which 
the front face of the semi-conductor substrate 80 functions between layers or as 
a protective coat is formed. There are aluminum, gold, copper, etc. as an 
ingredient of the tandem type electrode 81 of a couple. There are polyimide, 
silicon oxide (Si02), etc. as an insulator layer. These ingredients are usable 



similarly with other operation gestalten. 

[0060] For example, the tandem type electrode 81 of a couple is formed with 
aluminum, and when an insulating layer 82 is polyimide, capacity is adjusted as 
follows. As shown in drawing 1 1 (C) and (D), a laser beam (black arrow head) 
with a wavelength of 355nm is irradiated in the cutting locations (section for 
cutting) 36 and 37 of an insulator layer 82. Two apertures 83 are formed in an 
insulator layer of this exposure, and the bus line of the cutting locations 36 and 
37 is exposed through an aperture 83. Next, as shown in drawing 1 1 (E) and (F), 
a laser beam with a wavelength of 532nm is irradiated and two bus lines of 
aluminum are cut. A reference number 84 shows the cut bus-line part. Thus, the 
laser beam of wavelength suitable for the ingredient to trim is used. Moreover, it 
adjusts according to the thickness of the ingredient which trims the exposure 
energy of a laser beam. In addition, since the laser system which can irradiate 
the laser beam of the microscope for deciding an exposure location to be 
accuracy and two or more wavelength is marketed, trimming in the above- 
mentioned procedure is easy. Moreover, carrying out the monitor of the property 
of IC, for example, the frequency of an oscillator and the output power of 
amplifier, the above-mentioned trimming is repeated until a desired property is 
acquired. 

[0061] In addition, the process which forms an aperture 83 in an insulator layer 
82 is not limited to laser radiation. For example, if the aperture 83 is formed in the 
insulator layer 82 by etching using the mask of a wafer process process, the 
formation process of the aperture 83 by laser radiation can be skipped. 
[0062] Moreover, as shown in drawing 12 , the tandem type electrode 81 of a 
couple can be protected by applying to the bus-line part 84 from which the 
protective coat 85 was cut after cutting locally. Protective coats 85 are polyimide, 
silicon oxide, etc. 

[0063] (The 9th operation gestalt) Drawing 13 is drawing showing the millimeter 
wave band oscillator circuit by the 9th operation gestalt of this invention. The 
oscillator circuit to illustrate has the resistance R connected to the resonance 



circuit containing variable capacitor C and a stripline 86, the capacitors C1 and 
C2 of 87 or 2 transistors, and the power-source line 88. These circuits are formed 
on the same semi-conductor substrate, for example. Capacitors C1 and C2 make 
a capacitive component rate, and are set as capacity value as shows negative 
resistance on a desired frequency with combination with a transistor 87. Variable 
capacitor C consists of INTADIJITARU capacitors of this invention. Resonance 
frequency can be adjusted by adjusting the capacity value of variable capacitor C. 
[0064] (The 10th operation gestalt) Drawing 14 is drawing showing the 
configuration of the communication device by the 10th operation gestalt of this 
invention. A transmission rate shows the example of optical-communication 
equipment lOGbps or more, and, as for drawing 1010 (A), this drawing (B) shows 
the example of a millimeter wave wireless sending set. 
[0065] The optical-communication equipment shown in drawing 14 (A) has the 
photodetection diode 102 connected to the optical fiber 101, pre amplifier 103, 
the clock extract IC 104, and an oscillator 105. This oscillator 105 is an oscillator 
which uses the INTADIJITARU capacitor of this invention, for example, is shown 
in drawing 13 . The lightwave signal received from the optical fiber 101 is 
changed into an electrical signal with the photodetection photodiode 102, and is 
amplified by pre amplifier 103. The clock extract IC 104 extracts a clock from the 
output of pre amplifier 103 synchronizing with the oscillation frequency of an 
oscillator 1 05. 

[0066] In drawing 14 (B), the IF signal supplied from the internal circuitry which is 
not illustrated is processed by the IF digital disposal circuit 115, and it is sent to 
the rise convert mixer 1 1 3. A mixer 113 superimposes the oscillation signal which 
the oscillator 114 (for example, oscillator shown in drawing 13 ) which used the 
INTADIJITARU capacitor of this invention outputs on an IF signal. The signal 
changed into the high frequency is transmitted from the antenna 1 1 1 amplified 
with the transmitting amplifier 112. 

[0067] In the above, the gestalt of operation of this invention was explained. The 
gestalt of the above-mentioned implementation may be combined with arbitration. 



Moreover, this invention is not limited to the gestalt of the above-mentioned 
implementation, and includes the gestalt of other various operations. 
Furthermore, although this invention enables adjustment of a detailed capacity in 
a millimeter wave band 30GHz or more especially, it can be used even in the 
microwave band which is less than 30GHz, or other frequency bands. 
[0068] In addition, the semiconductor device which adjusted capacity as 
mentioned above is incorporated in the circuit, and please be not, cut, it is used 
as the tandem type electrode section which forms capacity, and both form 
electrode sections are contained. Moreover, if capacity is not adjusted, the 
tandem type electrode which is not disconnected is incorporated in the circuit as 
it is. The cut part is verifiable under a microscope etc. 
[0069] 

[Effect of the Invention] As explained above, according to this invention, the 
INTADIJITARU capacitor which can adjust capacity with a sufficient precision in 
a high frequency band dozens of GHz or more, and its capacity adjustment 
approach can be offered. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing for explaining the conventional capacity adjustment 
technique. 

[Drawing 2] It is drawing for explaining another conventional capacity adjustment 
technique. 

[Drawing 3] It is drawing for explaining the INTADIJITARU capacitor which 
realizes minute capacity needed in a millimeter wave band. 
[Drawing 4] It is the top view of the INTADIJITARU capacitor by the 1st operation 
gestalt of this invention, and (B) is shown after (A) and capacity adjustment 
before capacity adjustment. 

[Drawing 5] It is the top view of the INTADIJITARU capacitor by the 2nd 
operation gestalt of this invention. 

[Drawing 6] It is the top view of the INTADIJITARU capacitor by the 3rd operation 
gestalt of this invention. 

[Drawing 7] It is the top view (A) and VIIB-VIIB line sectional view (B) of an 
INTADIJITARU capacitor by the 4th operation gestalt of this invention. 
[Drawing 8] It is the top view (B) of the INTADIJITARU capacitor which has the 
top view (A) and another configuration of the INTADIJITARU capacitor by the 5th 
operation gestalt of this invention. 

[Drawing 9] It is the top view of the INTADIJITARU capacitor by the 6th operation 
gestalt of this invention. 

[Drawing 10] They are the top view (A) of the INTADIJITARU capacitor by the 7th 
operation gestalt of this invention, and an oscillator circuit (B) using this. 
[Drawing 11] It is drawing showing the INTADIJITARU capacitor by the 8th 
operation gestalt of this invention. 

[Drawing 12] It is the top view (A) and sectional view (B) of an INTADIJITARU 
capacitor by the 8th operation gestalt of this invention. 

[Drawing 1 3] It is the circuit diagram of the millimeter wave oscillator circuit by the 
9th operation gestalt of this invention. 

[Drawing 14] It is the block diagram showing the configuration of the 



communication device by the 10th operation gestalt of this invention. 

[Description of Notations] 

10 12 Tandem type electrode 

14 16 Electrode **** 

20. 22, 24 Tandem type electrode 

30 Tandem Type Electrode 

31 Bus Line 

32 Electrode Finger 

33 Tandem Type Electrode 

34 Bus Line 

35 Electrode Finger 

36 37 Cutting location (boundary part) 
38 39 Signal line 

40 41 Tandem type electrode 

46 47 Tandem type electrode 

48 49 Bus-line part 

52 53 Tandem type electrode 

54 55 Bus line 

56 57 Cutting section 

58 The Upper Wiring 

59 60 Beer 

61 Semi-conductor Substrate 

62 Insulator Layer 

64 Tandem Type Electrode 
64a The 1 st electrode section 
64b The 2nd electrode section 

65 Tandem Type Electrode 
65a The 1 st electrode section 
65b The 2nd electrode section 
66. 67, 68. 69 Electrode finger 



70 Tandem Type Electrode 
70a The 1 st electrode section 
70b The 2nd electrode section 

71 Tandem Type Electrode 

72 Electrode Finger 

74a, 74b, 74c A part for a connection 

75 Signal Line 

76 Gland 

77 Field Effect Transistor (FET) 

79 Shunt Capacity 

80 Semi-conductor Substrate 

81 Tandem Type Electrode 

82 Insulator Layer 

83 Aperture 

84 Bus-Line Part 

85 Protective Coat 

86 Stripline 

87 Transistor 

88 Power-Source Line 
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